Four inks for the production of ZnO semiconducting films have been prepared with zinc acetate dihydrate as precursor salt and one among the following aminoalcohols: aminopropanol (APr), aminomethyl butanol (AMB), aminophenol (APh) and aminobenzyl alcohol (AB) as stabilizing agent. Their thermal decomposition process has been analyzed in situ by thermogravimetric analysis (TGA), differential scanning calorimetry (DSC) and evolved gas analysis (EGA), whereas the solid product has been analysed ex-situ by X-ray diffraction (XRD) and infrared spectroscopy (IR). Although, except for the APh ink, crystalline ZnO is already obtained at 300 ºC, the films contain an organic residue that evolves at higher temperature in the form of a large variety of nitrogen-containing cyclic compounds. The results indicate that APr can be a better stabilizing agent than ethanolamine (EA). It gives larger ZnO crystal sizes with similar carbon content. However, a common drawback of all the amino stabilizers (EA included) is that nitrogen atoms have not been completely removed from the ZnO film at the highest temperature of our experiments (600 ºC).
(AMB), 2-aminophenol (APh) and 2-aminobenzyl alcohol (AB)] from Aldrich. All the reagents were used as received. Figure 1 shows the molecular structure of EA and the other closely related aminoalcohols used in this study.
The inks were prepared as follows. 0.5 g of ZAD (2.3 mmol) were treated with an equimolar amount of the corresponding stabilizer (EA, APr, AMB, APh or AB) and mixed in 5 mL of solvent (ME). All mixtures were kept at 60 ºC under continuous stirring for 30 min.
Except for the inks containing aromatic stabilizers (APh and AB), that became dark due to their strong photoreactivity, the other ones remained transparent clear solutions for weeks.
Precursor thin films were deposited by drop coating on glass substrates.
Thermal analysis
To study the thermal evolution of the inks, thermogravimetric (TGA), and differential scanning calorimetry (DSC) analyses were done in dry air and pure oxygen atmospheres (flow rate of 50 mL/min) at a heating rate of 10 ºC/min up to 600 ºC in uncovered alumina and aluminium pans, respectively. A drop of ink corresponding to a ZnO mass around 200 μg was poured inside the pans. The ink wetted the inner walls of the pan leaving behind a film of "nominal thickness" (i.e. the thickness of ZnO, if it were a dense homogeneous film) around 0.5 μm. We used the TGA-851e and DSC-822e apparatus of Mettler-Toledo.
Complementary Evolved Gas Analysis (EGA) of the evolved species during ink decomposition was done in vacuum at 20 ºC/min up to 600 ºC, using a MKS quadrupole mass spectrometer (Microvision Plus).
Structural analyses
The films structure was analysed after heating them at 10 ºC/min in air up to 300 and 600 ºC. The first samples were kept for 5 min at 300 ºC, whereas the second ones were cooled down without any delay after reaching 600 ºC. X-ray diffraction (XRD) measurements were carried out with a PANalytical X'Pert PRO MPD Alpha1 powder diffractometer in combustion furnace at 950 ºC; chromatographic column oven at 65 ºC). And, finally, film morphology was observed by scanning electron microscopy (SEM) with a JEOL JSM-7100F
and a JEOL J-6510 in planar and cross-section views.
RESULTS AND DISCUSSION

TG/DSC experiments
After solvent evaporation, that finishes below 150 ºC (ME boiling point, 124 ºC), thermal decomposition of the inks is revealed by two mass-loss steps ( Fig.2 ). According to previous observations on the EA ink [14] , ZnO appears after the first decomposition step with maximum decomposition rate in the 230-270 ºC range depending on the particular stabilizer.
DSC experiments indicate that the first decomposition step is endothermic (in the case of EA and APr) or isenthalpic (for APh and AB) and, when exothermic in air (as in the case of AMB - Fig.2a ), the decomposition temperature remains the same as in pure oxygen. This observation shows that a higher oxygen concentration does not advance the decomposition reaction; i.e. this step is not triggered by reaction with the oxygen molecules of the furnace atmosphere.
The second mass-loss step that corresponds to elimination of the organic residue is much more dependent on the particular stabilizer. It is centred on around 270 ºC for the aliphatic stabilizers ( Fig.2a ) whereas it appears at higher temperature for the APh (440 ºC) and AB (480 ºC) inks (Fig.2b) . Furthermore, the inks with aromatic stabilizers lose much more mass during the second step ( Fig.2b) , as expected because of the large mass and high thermal stability of the aromatic ring. Elimination of the organic residue proceeds through reaction with oxygen leading to prominent exothermic DSC peaks (Fig.2) , the decomposition heat being higher for the aromatic stabilizers.
It must be pointed out that the second mass-loss step is not related with evaporation of the stabilizer. Firstly, because its temperature is not correlated with the stabilizer boiling point (300 ºC for APh and 160 ºC for AB). Secondly, because during ink formation the stabilize [14] . or [20] .
detail of after the on (zero transmittance) for all films. Unfortunately, the method used to make these measurements (film flakes inside KBr pellets) precludes any attempt of quantification. Consequently, although one can see varying intensities of the carboxylate and (aliphatic) C-H-stretching bonds [21] (inset of Fig.5b ) from film to film, from these slight differences one cannot infer higher or lower organic content. Instead, the elemental C and N contents have been quantified by EOA. The determined percentage of N is below the technique sensitivity (0.2%), but quantification of C has been possible (see Table I ). EA and APr films have the lowest carbon content (0.2-0.3%) and the AB film, the highest (3.5%).
Removal of the organic residue as well as thermal activation of grain growth improves considerably the film crystalline quality at 600 ºC. XRD peaks are much narrower and attributable to wurtzite ZnO (Fig.4b) . The AB and APr films have the largest crystal sizes (27-28 nm) whereas the smallest ones are found in the AMB and EA films (21 nm) ( Table I ).
The lack of any significant preferential crystalline orientation can be due to the use of lowboiling temperature solvent [6] . However, use of adequate substrates (Pt(111) and amorphous SiN x on c-Si) can promote preferential orientation along the c-axis even for ZAD+EA inks dissolved in ME [12] . Table I . Average ZnO crystal size at 600 ºC obtained from the XRD curves by applying Scherrer's formula to the (100), (002) and (101) peaks; and carbon content measured by elemental analysis at the same temperature. 
Analysis of the evolved gases
EGA experiments in vacuum have allowed detecting the volatile products of the inks decomposition. Many fragments have been detected up to m/z=150 whose identification has been based on the computational and experimental work of Bouchoux's group on the reactivity of aliphatic aminoalcohols [22] . These authors found that their dissociation produces a number of nitrogenated cyclic fragments, the simplest ones being azidine (m/z=44), azetidine (58), pyrolidine (68) and piperidine (85). In Fig.6a we have plotted the EGA curves of several intense signals that can be assigned to these cyclic fragments during decomposition of the AMB ink. These curves can be compared with the mass-loss curve (Fig.8) .
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